
US 20040101969A1 

(12) Patent Application Publication (10) Pub. N0.2 US 2004/0101969 A1 
(19) United States 

Viglianti et al. (43) Pub. Date: May 27, 2004 

(54) METHODS AND COMPOSITIONS FOR 
BLOOD POOL IDENTIFICATION, DRUG 
DISTRIBUTION QUANTIFICATION AND 
DRUG RELEASE VERIFICATION 

(75) Inventors: Benjamin L. Viglianti, Durham, NC 
(US); Mark W. Dewhirst, Durham, NC 
(US); James R. MacFall, Graham, NC 
(US); Zeljko Vujaskovic, Chapel Hill, 
NC (US) 

Correspondence Address: 
JENKINS & WILSON, PA 
3100 TOWER BLVD 
SUITE 1400 
DURHAM, NC 27707 (US) 

(73) Assignee: Duke University 

(21) 

(22) 

Appl. No.: 10/661,977 

Filed: Sep. 11, 2003 

Related US. Application Data 

(60) Provisional application No. 60/409,899, ?led on Sep. 
11, 2002. Provisional application No. 60/415,591, 
?led on Oct. 2, 2002. 

Tumor Edge C ath ete r 

1 
Baseline 

Publication Classi?cation 

(51) Int. C1.7 ....................... .. G01N 33/48; G01N 24/00; 
A61B 5/055; G01V 3/00; 

A61B 5/05 
(52) us. Cl. ...................... .. 436/173; 436/63; 424/9321; 

324/307; 600/410 

(57) ABSTRACT 

Methods and compositions useful for detecting an in vivo 
blood pool, monitoring the distribution of a compound of 
interest to a desired site in an organism by magnetic reso 
nance imaging, monitoring the accumulation of a compound 
of interest at a desired site in vivo by magnetic resonance 
imaging, and monitoring the release of liposomal contents to 
an external stimulus at a desired site in vivo by magnetic 
resonance imaging are disclosed. Some compositions com 
prise envirosensitive or non-sensitive liposomes. Contrast 
agents, such as manganese-based compounds, are also dis 
closed. 
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METHODS AND COMPOSITIONS FOR BLOOD 
POOL IDENTIFICATION, DRUG DISTRIBUTION 

QUANTIFICATION AND DRUG RELEASE 
VERIFICATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Serial Nos. 60/409,899 ?led Sep. 
11, 2002 and 60/415,591 ?led Oct. 2, 2002; the disclosures 
of each of Which are incorporated herein by reference in 
their entireties. 

GRANT STATEMENT 

[0002] This invention Was made With federal grant money 
under NCI grants CA42745 and R24 CA92656. Thus, the 
United States Government has certain rights in the present 
invention. 

TECHNICAL FIELD 

[0003] The methods and compositions disclosed herein 
generally relate to employing magnetic resonance tech 
niques to monitor drug delivery in vivo. More particularly, 
the disclosure relates to the use of liposomes encapsulating 
a drug and a contrast agent to monitor drug delivery to a 
desired site in vivo by magnetic resonance imaging tech 
niques. The disclosure further relates to blood pool agents, 
adapted to provide imaging of a site over an extended period 
of time. 

Abbreviations 

AP alkaline phosphatase 
CT computerized tomography 
DOX doxorubicin 
ESR electron spin resonance 
HEPES N-2-HydroxyethylpiperaZine-N'—2 

ethanesulfonic acid 
HT hyperthermia 
LTSL lOW temperature sensitive 

(thermosensitive) liposomes 
MLV multilamellar vesicle 
MR magnetic resonance 
MRI magnetic resonance imaging 
MUGA multiple-gated arteriography 
NMR nuclear magnetic resonance 
NTSL non-temperature sensitive (non-thermally 

sensitive) liposomes 
PET positron emission tomography 
RES reticuloendothelial system 
RF radio frequency 
SNR signal-to-noise ratio 
TCA trichloroacetic acid 
Te echo time 
TI time of inversion 
Tm melting (phase transition) temperature 
TI repetition time 
T1 spin lattice relaxation time 
T2 spin-spin relaxation time 

BACKGROUND ART 

[0004] Medical diagnostic imaging has evolved as an 
important non-invasive tool for the evaluation of pathologi 
cal and physiological processes. Presently, nuclear magnetic 
resonance imaging (“MRI”) and computeriZed tomography 
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(“CT”) are tWo of the most Widely used imaging modalities. 
Although both MRI and CT can be performed Without the 
administration of contrast agents, the ability of many con 
trast enhancement agents to enhance the visualiZation of 
internal tissues and organs has resulted in their Widespread 
use. 

[0005] Proton MRI is based on the principle that the 
concentration and relaxation characteristics of protons in 
tissues and organs can in?uence the intensity of a magnetic 
resonance image. Contrast enhancement agents that are 
useful for proton MRI effect a change in the relaxation 
characteristics of protons, Which can result in image 
enhancement and improved soft-tissue differentiation. Dif 
ferent classes of proton MR imaging agents include para 
magnetic metal chelates and nitroxyl spin labeled com 
pounds. 
[0006] Detection and monitoring of tumor groWth and 
remission is vital for the effective diagnosis and treatment of 
cancer. Current methods for detecting tumor groWth and 
regression using CT scan, positron emission tomography 
(“PET”), optical imaging and MRI are limited in their ability 
to distinguish betWeen normal and tumor tissue. Addition 
ally, the ability to image the vasculature Within in a tissue 
and occlusion of that vasculature ?nds application in a 
variety of different scenarios. Vascular occlusion imaging is 
presently limited by a variety of obstacles, one of Which is 
the inability to selectively image occlusions over other 
tissues and structures. Further, there is no currently available 
method of monitoring internal Wound healing, nor is there an 
adequate method of monitoring angiogenic activity in tumor 
and non-tumor tissue. 

[0007] The use of envirosensitive liposomes in hyperther 
mia therapy is a promising approach to targeting a tumor or 
other tissue. Broadly, envirosensitive liposomes comprise a 
formulation adapted to lose structural integrity under certain 
environmental conditions. For example, thermosensitive 
liposomes lose structural integrity Within a given tempera 
ture range. Alternatively, the envirosensitive liposome can 
be a radiation sensitive liposome, Which is formulated to 
lose its structural integrity When contacted With a particular 
Wavelength range of electromagnetic radiation. When an 
envirosensitive liposome, such as a thermosensitive or a 
radiation sensitive liposome, loses its structural integrity, the 
contents of the liposome are released. 

[0008] One consideration With respect to the use of envi 
rosensitive liposomes as a delivery vehicle (eg for a 
therapeutic compound) is the ability to target the liposomes 
to a desired location, such as a tumor. Targeting liposomes, 
both envirosensitive and insensitive species, has been a 
subject of research for some time. Various approaches have 
been taken, including the formation of immunoliposomes, 
Which comprise, for example, an antibody or a fragment of 
an antibody (see, e.g., Sullivan & Huang, (1985) Biochim. 
Biophys. Acta 812(1): 116-126; Perlaky et al., (1996) Oncol. 
Res. 8(9): 363-369). 
[0009] Liposome targeting, hoWever, depends in part on 
hoW stably the liposomes administered to a subject circulate 
through the circulatory system in the normal physiological 
environment and hoW effectively the liposomes release their 
content (eg a drug) at a particular desired site (eg a tumor). 
In the case of some thermosensitive liposomes targeting has 
been problematic. For example, the liposomes described by 
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Yatvin et a1. (Yatvin et a1., (1978) Science 202: 1290) release 
only a small amount of the drug at the temperature of 
hyperthermia. Other liposomes have been observed to 
release the drug at a temperature 1oWer(e.g., 37-39° C.) than 
that typically reached in an approach employing hyperther 
mia (Bassett et al., (1986) J. Urol. 135(3): 612-615; 
Needham et al., (2000) Cancer Res. 60(5): 1197-1201). 

[0010] HoWever, an approach for monitoring the release of 
liposome contents once an envirosensitive liposome has lost 
structural integrity has not been disclosed in the art. There 
fore, absent a method of monitoring liposome opening and 
content release, a clinician or researcher must assume that 
the liposome Was delivered to the desired site, that it 
ruptured and released its contents and that the contents Were 
delivered to the desired site. 

[0011] Thus, What is needed is an envirosensitive lipo 
some, for example a thermosensitive liposome composition 
that exhibits a desirable phase transition at the typical 
temperature of hyperthermia (40-45° C.), or a radiation 
sensitive liposome that exhibits a desirable phase transition 
When contacted by a particular Wavelength range of elec 
tromagnetic radiation. Further, What is needed is an envi 
rosensitive liposome that is adapted to entrap a drug at a high 
concentration for long periods of time When maintained at 
physiological conditions, for example a temperature loWer 
than that of hyperthermia for thermosensitive liposomes, 
and that is adapted to release the drug efficiently in a very 
short time after a particular environmental stimulation, for 
example at the temperature of hyperthermia or higher for 
thermosensitive liposomes. Such an envirosensitive lipo 
some composition Would also be adapted to be tracked to a 
desired location, Wherein content delivery could be moni 
tored in vivo by a non-invasive method. 

[0012] What is also needed is a non-invasive method of 
monitoring tumor groWth or regression, vascular morphol 
ogy, vascular occlusion formation and dissolution, angio 
genesis and Wound healing in a subject that offers superior 
sensitivity, relative to the currently available methods. These 
and other problems are addressed by the compositions and 
methods disclosed herein. 

SUMMARY OF THE INVENTION 

[0013] In one aspect of the presently disclosed methods 
and compositions, a method of monitoring the accumulation 
of a compound of interest at a desired site in vivo by 
magnetic resonance imaging is disclosed. In one embodi 
ment, the method comprises: (a) administering to a subject 
a non-sensitive liposome composition comprising: a 
contrast agent; (ii) a compound of interest; and (iii) a 
non-sensitive liposome encapsulating the contrast agent and 
the compound of interest; and (b) monitoring the accumu 
lation of the compound of interest at the site of interest by 
magnetic resonance imaging. In one embodiment, the 
method comprises increasing blood flow to the desired site. 
Increasing the blood flow can comprise mechanical stimu 
lation, ultrasound therapy and/or heating the desired site. 

[0014] In another aspect of the presently disclosed meth 
ods and compositions, an in vivo method of monitoring the 
localiZation and distribution of a compound of interest to a 
desired site in an organism by magnetic resonance imaging 
is disclosed. In one embodiment, the method comprises: (a) 
administering an envirosensitive liposome composition to 
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the subject, the composition comprising: a contrast agent; 
(ii) a compound of interest; and (iii) an envirosensitive 
liposome encapsulating the contrast agent and the compound 
of interest; and (c) monitoring the distribution of the com 
pound of interest to the desired site by magnetic resonance 
imaging. In one embodiment, the method comprises increas 
ing blood flow to the desired site. 

[0015] In yet another aspect, a method of detecting an in 
vivo blood pool is disclosed. In one embodiment, the 
method comprises: (a) administering a liposome composi 
tion to a subject, the composition comprising: a contrast 
agent; and (ii) a liposome encapsulating the contrast agent; 
(b) generating a magnetic resonance image of a site of 
interest; and (c) detecting the presence of an in vivo blood 
pool by analyZing the magnetic resonance image. 

[0016] In a further aspect, a method of monitoring the 
accumulation of a compound of interest at a desired site in 
vivo by magnetic resonance imaging is disclosed. In one 
embodiment, the method comprises: (a) administering to a 
subject an envirosensitive liposome composition compris 
ing: a contrast agent; (ii) a compound of interest; and (iii) 
an envirosensitive liposome encapsulating the contrast agent 
and the compound of interest; and (b) monitoring the 
accumulation of the compound of interest at a desired site by 
magnetic resonance imaging. 

[0017] In another aspect, a method of generating a heating 
pro?le of a site of interest is disclosed. In one embodiment, 
the method comprises: (a) administering to a subject a 
thermosensitive liposome composition comprising: a 
contrast agent; and (ii) a thermosensitive liposome encap 
sulating the contrast agent and the compound of interest and 
having a melting temperature Tm; (b) heating a site of 
interest in a subject; (c) monitoring release of the contrast 
agent from the thermosensitive liposome using magnetic 
resonance imaging; and (d) generating a heating pro?le of 
the site of interest, Wherein heating of an area to a tempera 
ture of at least Trn is indicated by release of contrast agent, 
preferably at a periphery of the area. 

[0018] In the methods disclosed herein, heating can be, for 
example, by a method selected from the group consisting of 
contacting a heated material With the site of interest, apply 
ing electromagnetic energy that heats the desired site, such 
as, for example microWave or radio frequency energy to the 
site, applying ultrasonic energy to the site and applying a 
laser beam to the site. A site of interest can be selected from 
the group consisting of, for example, a tumor, injury site, 
and tissue edema. 

[0019] In the methods disclosed herein, an envirosensitive 
liposome can comprise, for example, a thermosensitive 
liposome, a pH-sensitive liposome, a chemosensitive lipo 
some and a radiation-sensitive liposome. 

[0020] In the methods disclosed herein, a non-sensitive 
liposome can comprise, for example, DSPC/Cholesterol 
(55:45, mol:mol). Athermosensitive liposome can comprise, 
for example, a formulation selected from the group consist 
ing of DPPC-PEG20O0, DPPC-DSPE-PEG2000 (95:5, mo1 
:mol); DPPC-MSPC-DSPE-PEG2000 (90:10:4, mol:mol). 
[0021] In the methods disclosed herein, a contrast agent 
can be any paramagnetic compound. For example, a contrast 
agent can comprise a element selected from the group 
consisting of Gd, Cu, Cr, Fe, Co, Er, Ni, Eu, Dy, Zn, Mg, 
Mo, Li, Ta, and Mn. 
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[0022] In the methods disclosed herein, various com 
pounds of interest can be employed in the methods of the 
present invention, and a compound of interest can be, for 
example, a chemotherapeutic agent. 

[0023] Accordingly, it is an object to provide a method of 
monitoring the localization and/or distribution of a com 
pound of interest at a desired site in vivo by magnetic 
resonance imaging. This and other objects are achieved in 
Whole or in part by the presently disclosed methods and 
compositions. 
[0024] An object of the disclosure having been stated 
hereinabove, other objects Will be evident as the description 
proceeds, When taken in connection With the accompanying 
Examples and DraWings as best described hereinbeloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1A is a plot depicting the dependency of 
signal on TI for a non-sensitive liposome-DOX-MnSO4 
(temperature=29.93° C.) formulation at various concentra 
tions. In this plot, solid squares represent Water alone, circles 
represent formulations comprising 0.25 mM DOX, solid 
triangles represent formulations comprising 0.5 mM DOX, 
solid inverted triangles represent formulations comprising 
1.0 mM DOX, solid diamonds represent formulations com 
prising 2.0 mM DOX and crosses represent formulations 
comprising 4.0 mM DOX. 

[0026] FIG. 1B is a plot depicting the relationship 
betWeen 1/1“1 and contrast agent concentration for the same 
formulations described in FIG. 1A. The slope of the line is 
a measure of the (T1) relaxivity of the system. 

[0027] FIG. 1C is a plot depicting the effect of tempera 
ture on relaxivity. In this ?gure inverted solid triangles 
represent thermosensitive liposomes loaded With contrast 
agent in the exterior buffer; solid circles represent free 
contrast agent; stars represent free contrast agent and DOX 
at a concentration ratio identical to that found in the lipo 
some; and solid triangles represent non-sensitive liposomes 
loaded With DOX and also represent empty non-sensitive 
liposomes. 
[0028] FIG. 1D is a plot depicting the effect of tempera 
ture on relaxivity of thermosensitive liposomes as the com 
position is heated and cooled. In this ?gure, open squares 
represent thermosensitive liposomes and closed circles rep 
resent thermosensitive liposomes loaded With DOX. Heating 
and cooling operations are indicated and progress from 30° 
C. to 45° C. and back to about 32° C. are depicted. 

[0029] FIG. 2A is a time course of MR images depicting 
the accumulation of non-sensitive liposomes at a ?ank tumor 
in a rat. Panel 0 corresponds to time T=0 minutes (pre 
injection); panel 1 corresponds to time T=5 minutes; panel 
2 corresponds to time T=30 minutes; and panel 3 corre 
sponds to time T=90 minutes. 

[0030] FIG. 2B is a time course of MR images depicting 
the accumulation of thermosensitive liposomes at a ?ank 
tumor in a rat. Panel 0 corresponds to time T=0 minutes 
(pre-injection); panel 1 corresponds to time T=5 minutes; 
panel 2 corresponds to time T=30 minutes; and panel 3 
corresponds to time T=90 minutes. 

[0031] FIG. 2C is a time course of MR images depicting 
the accumulation of gadolinium-DTPA at a ?ank tumor in a 
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rat. Panel 0 corresponds to time T=0 minutes (pre-injection); 
panel 1 corresponds to time T=1 minutes; panel 2 corre 
sponds to time T=5 minutes; and panel 3 corresponds to time 
T=15 minutes. 

[0032] FIG. 2D is a time course of MR images depicting 
the accumulation of non-sensitive liposomes at a ?ank tumor 
in a rat Without hyperthermia treatment. Panel 0 corresponds 
to time T=0 minutes (pre-injection); panel 1 corresponds to 
time T=5 minutes; panel 2 corresponds to time T=30 min 
utes; and panel 3 corresponds to time T=90 minutes. 

[0033] FIG. 2E is a time course of MR images depicting 
the accumulation of thermosensitive liposomes at a ?ank 
tumor in a rat Without hyperthermia treatment. Panel 0 
corresponds to time T=0 minutes (pre-injection); panel 1 
corresponds to time T=5 minutes; panel 2 corresponds to 
time T=30 minutes; and panel 3 corresponds to time T=90 
minutes. 

[0034] FIG. 3A is a MR image depicting several regions 
of interest (highlighted by White boxes) in Which non 
sensitive and thermosensitive liposome signal intensities 
Were measured. 

[0035] FIG. 3B is a plot depicting signal intensity for 
non-sensitive liposomes as a function of time for the regions 
highlighted in FIG. 3A. Solid squares correspond to signal 
detected in non-heated muscle; solid circles correspond to 
signal detected in an enhanced tumor region; solid triangles 
correspond to signal detected in a non-enhanced tumor 
region; and solid inverted triangles correspond to signal 
detected in the vessel. 

[0036] FIG. 3C is a plot depicting signal intensity ratio as 
a function of time for the non-sensitive liposomes. Solid 
squares correspond to the signal intensity ratio in an 
enhanced tumor region; solid circles correspond to the signal 
intensity ratio in a nonenhanced tumor region; and solid 
triangles correspond to the signal intensity ratio in the 
vessel. 

[0037] FIG. 3D is a plot depicting signal intensity ratio as 
a function of time as acquired from the femoral vein of the 
rat. Solid circles correspond to non-sensitive liposomes; 
solid triangles correspond to thermosensitive liposomes and 
open squares correspond to gadolinium-DPTA. 

[0038] FIG. 3E is a plot depicting signal intensity ratio as 
a function of time in enhanced regions of the tumor. Solid 
circles correspond to non-sensitive liposomes; solid tri 
angles correspond to thermosensitive liposomes; and open 
squares correspond to gadolinium-DPTA. 

[0039] FIG. 3F is a plot depicting signal intensity ratio as 
a function of time for a nonenhanced tumor region. Solid 
circles correspond to non-sensitive liposomes; solid tri 
angles correspond to thermosensitive liposomes; and open 
squares correspond to gadolinium-DPTA. 

DETAILED DESCRIPTION 

[0040] 
[0041] FolloWing long-standing patent laW convention, 
the terms “a” and “an” mean “one or more” When used in 
this disclosure, including the claims. 

I. De?nitions 

[0042] As used herein, the term “about”, When referring to 
a value or to an amount of mass, Weight, time, volume, 
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concentration or percentage is meant to encompass varia 
tions of 120% or 110%, more preferably 15%, even more 
preferably 11%, and still more preferably 10.1% from the 
speci?ed amount, as such variations are appropriate to 
perform the disclosed method. 

[0043] As used herein, the term “blood pool” means a 
localiZed volume of blood. A blood pool can arise from a 
normally occurring phenomenon, such as pooling of blood 
in a subject’s heart. A blood pool can also arise from an 
unnatural vascular condition, such as an aneurysm. The 
blood in a blood pool can be circulating, prevented from 
circulating or circulating to some degree. Generally, then, a 
blood pool is a localiZed concentration of blood, and a blood 
pool can comprise any volume of blood. 

[0044] As used herein, the term “detecting” means con 
?rming the presence of a target entity (Which can be a 
biological structure, such as a vascular blockage, vascular 
damage or an occlusion) by observing the occurrence of a 
detectable signal, such as a radiologic or spectroscopic 
signal or a feature of an image generated by magnetic 
resonance that Will appear exclusively in the presence of the 
target entity. 

[0045] As used herein, the term “envirosensitive lipo 
some” means a liposome formulated using physiologically 
compatible constituents, such as, but not limited to, dipalmi 
toylphosphatidyl-choline and dipalmitoylphosphatidyl 
glycerol phospholipids, Which permit preparation of lipo 
somes using art-recogniZed techniques that are formulated to 
lose structural integrity and release their contents under 
speci?c environmental conditions. The speci?c environmen 
tal conditions under Which a particular envirosensitive lipo 
some loses its structural integrity are variable and dependent 
upon the formulation of the particular liposome. Typically, 
the environmental conditions differ from normal physiologi 
cal conditions. For example, thermosensitive liposomes can 
be formulated to release their contents at temperatures 
higher than normal mammalian body temperature. Alterna 
tively, radiation-sensitive liposomes can be formulated to 
release their contents When they interact With electromag 
netic radiation Within a particular Wavelength range, such as 
x-rays, or other ioniZing radiation. While these examples are 
both categoriZed as envirosensitive liposomes, as the term is 
used herein, they are not necessarily structurally vulnerable 
to the same environmental conditions. For example, a ther 
mosensitive liposome may not lose structural integrity When 
contacting x-rays, and vice versa for a radiation-sensitive 
liposome held at a particular temperature. HoWever, envi 
rosensitive liposomes having overlapping environmental 
sensitivities, for example thermal and pH sensitivities, can 
also be formulated, and are included Within the term “envi 
rosensitive liposome,” as used herein. One of skill in the art 
Will readily recogniZe and be able to formulate Without 
undue experimentation other types of envirosensitive lipo 
somes, and these formulation are also encompassed by the 
term as used herein. Non-limiting examples of envirosensi 
tive liposomes include thermosensitive liposomes, radia 
tion-sensitive liposomes, pH-sensitive liposomes, acoustic 
(e.g. ultrasound )-sensitive liposomes, antigen-sensitive 
liposomes (e. g. liposomes having recognition molecules, for 
example, antibodies or antibody fragments (see, e.g., Sulli 
van & Huang, (1985) Biochim. Biophys. Acta 812(1): 116 
126; Perlaky et al., (1996) Oncol. Res. 8(9): 363-369), 
incorporated into the membrane such that contact of the 
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recognition molecule With its antigen results in loss of 
structural integrity of the liposome through, for example, a 
conformational change in the recognition molecule) and 
chemosensitive liposomes (e.g. liposomes sensitive to par 
ticular chemical agents). The present disclosure encom 
passes the use of envirosensitive liposomes that are less than 
about 400 nm in diameter, such as, for example liposomes 
having a diameter of about 200 nm or about 120 nm in 
diameter to facilitate handling, administration, unhindered 
progress through mammalian vasculature, and minimiZe 
side effects, e.g., interference With the mammalian blood 
clotting cascade. As used herein, the term “hyperthermia” 
means the elevation of the temperature of a subject’s body, 
or a part of a subject’s body, compared to the basal tem 
perature of the subject. Such elevation can be the result of 
a natural process (such as in?ammation) or arti?cially 
induced for therapeutic or diagnostic purposes. In mammals, 
a basal body temperature is ordinarily maintained due to the 
thermoregulatory center in the anterior hypothalamus, Which 
acts to balance heat production by body tissues With heat 
loss. “Hyperthermia” refers to the elevation of body tem 
perature above the hypothalamic set point due to insuf?cient 
heat dissipation. In contrast to hyperthermia, “fever” refers 
to a systemic elevation of body temperature due to a change 
in the thermoregulatory center. The overall mean oral tem 
perature for a healthy human aged 18-40 years is 36.8.:0.4° 
C. (98.2:0.7° See, e.g., Harrison ’s Principles oflnternal 
Medicine (Fauci et al., eds.) 14th Ed. McGraW-Hill, NeW 
York, p. 84 (1998). 

[0046] As used herein, the term “inner transition ele 
ments” means those elements knoWn as lanthanide (or rare 
earth) and actinide elements. Inner transition elements are 
also knoWn as f-block transition elements. 

[0047] As used herein, the term “liposome” means a 
generally spherical cluster or aggregate of amphipathic 
compounds, including lipid compounds, typically in the 
form of one or more concentric layers, for example, bilayers. 

[0048] As used herein, the term “radiation-sensitive lipo 
some” means a liposome formulated using physiologically 
compatible constituents, such as, but not limited to, dipalmi 
toylphosphatidyl-choline and dipalmitoylphosphatidyl 
glycerol phospholipids, Which permit preparation of lipo 
somes using art-recogniZed techniques that are formulated to 
lose structural integrity and release their contents When 
interacting With electromagnetic radiation having a speci?c 
Wavelength range. The speci?c Wavelength range under 
Which a particular radiation-sensitive liposome loses its 
structural integrity is variable and dependent upon the 
formulation of the particular liposome. For the purposes of 
example but not limitation, a liposome can be formulated to 
lose structural integrity and release its contents When inter 
acting With x-rays, that is electromagnetic radiation having 
a Wavelength in the range of about 1><10_11 m to about 
1><10 m, but not When interacting With radiation having a 
greater or lesser Wavelength. In other embodiments, the 
Wavelength sensitivity may include a different range, or 
encompass x-rays in a broader range, such as, for example 
broad sensitivity to all ioniZing radiation. The present dis 
closure encompasses the use of radiation-sensitive lipo 
somes that are less than about 400 nm in diameter, such as, 
for example liposomes having a diameter of about 200 nm 
or about 120 nm in diameter to facilitate handling, admin 
istration, unhindered progress through mammalian vascula 




































